ABSTRACT The Pekin duck is an excellent model for the study of seasonal reproduction. To more completely understand the lighting requirements for maximal fertility in duck breeder houses, we housed adult (45 week old) drakes and hens in the Hope College aviary as 5 drakes and 25 hens. Light conditions in each floor pen were normalized based upon quantal energy
INTRODUCTION
As with other poultry, the meat duck industry is growing in the USA in response to the worldwide rise of poultry consumption by humans. The Pekin duck has become the most popular commercial duck breed (Cherry and Morris, 2008) . Similar to other poultry species and to their wild ancestors, Mallards, Pekin ducks are also seasonal breeders. Seasonal breeders become photosensitive as day lengths increase and gonadal recrudescence begins (Cherry and Morris, 2005) . Gonadal recrudescence occurs in ducks during early spring to prepare the drake for the breeding season. As a long-day seasonal breeder and a popular industry breed, the Pekin duck is an excellent model to study the neural mechanisms involved with seasonal reproduction.
The photo-neuroendocrine system in vertebrates includes both the hypothalamic-pituitary-gonadal (HPG) axis and deep brain photoreceptors (DBP). Mammals that are seasonal breeders utilize retinal photoreceptors that are not involved with image formation to stimulate the HPG and gonadal recrudescence (Nakane and Yoshimura, 2010; Kuenzel et al., 2015) . However, in avian species, these non-image photoreceptors are exclusively non-retinal and are likely found in the prosencephalon (Menaker, 1967; Nakane and Yoshimura, 2010; Kuenzel et al., 2015) . After bilateral enucleation and pinnealectomy, birds maintain photosenstivity and males will produce mature sperm during a normal long day (LD) 16:8 cycle (Menaker, 1967; Menaker and Keatts, 1968) . When the skulls of birds with intact retinal cells were covered with black ink to prevent light penetration, there was a loss in photoresponsiveness that maintained gonadal regression 4262 despite increased photoperiods (Underwood and Menaker, 1970) . Therefore, avian seasonal breeders possess DBPs that integrate the HPG axis with day length.
Recently, melanopsin-immunoreactive (-ir) neurons have been identified in the medial basal hypothalamus of birds. Melanopsin is a member of a well-conserved family of photoreceptive proteins, and its gene has been identified in numerous species including humans, birds, amphibians, and fish (for review see Bellingham et al., 2006) . In birds, melanopsin-ir has been localized to the premammillary nucleus and is colocalized with tyrosine hydroxylase-ir neurons-presumably dopaminergic (El Halawani et al., 2009; Kang et al., 2010) . Several studies have suggested that melanopsin receptors are responsive to blue-specific light wavelengths in several species (Iyilikci et al., 2009; Bailes and Lucas, 2010; Tsunematsu et al., 2013; Ramos et al., 2014; Takeuchi et al., 2014; Walmsley et al., 2015) , including the Pekin drake (Haas et al., 2017) , and that melanopsin plays a role in photoperiodic responsiveness (Kang et al., 2010; Haas et al., 2017) . It has been suggested that for optimal growth (Campbell et al., 2015) and reproductive development to occur in drakes, both red and blue wavelengths are required (Benoit, 1961 (Benoit, , 1964 . Although not thoroughly understood, the mechanism following the activation of DBP that leads to HPG activation involves thyroid hormone (for review see Li and Kuenzel, 2008; Ubuka et al., 2013) . Even less understood is the mechanism that leads to the inactivation of DBPs that results in gonadal regression. A possible component of this cascade could be gonadotropin inhibitory hormone (GnIH) (Tsutsui et al., 2000; Singh et al., 2010; Clarke et al., 2012) . A more comprehensive understanding of the brain's photoreceptors and their role in regulating gonadal function is essential as the global poultry industry moves towards fulfilling the future needs of human food production.
Despite extensive knowledge of the photoperiod lengths necessary to maintain gonadal function in seasonal breeders, there is limited knowledge of the intensity of light needed to prevent gonadal regression. Duck companies in the USA contract 60-80% of their duck production to Amish farmers, who have become a large part of the duck industry (personal conversation with Dr. Dan Shafer, Vice President Live Production, Maple Leaf Farms, Inc.). However, Amish farmers face some technological limitations such as the lack of electric lights, which create unique challenges for Amish duck producers and their contracting companies. The majority of commercial ducks are housed in curtainsided barns so they are exposed to natural light. On an average day within these barns, natural light intensity is approximately 60-75 lux. After sunset, supplemental light is provided to maintain the desired photoperiod during seasons with shorter day lengths. Because most Amish farmers are not able to use electricity, this additional light is provided by kerosene lanterns, which emit around 1 lux in their traditional configuration. Despite the use of these lanterns, there is a notable decrease in fertility rates beginning in September/October. This seasonal decline in fertility could be due to many factors such as humidity levels or temperature, however, a likely cause is the seasonal differences in light intensity.
Preliminary trials with Amish farmers showed that an intensity of 15 lux was possible by increasing the number and configuration of kerosene lanterns. Therefore, our goal was to determine if 1 lux during the supplemental light period is insufficient to maintain gonadal function. We also aimed to determine if a slight increase to 15 lux could maintain optimal gonadal function. Utilizing an aviary setting with all other variables controlled, we ultimately determined that 1 lux of light led to gonadal regression in ducks, particularly in drakes, although hens were also adversely affected. We also observed that gonadal regression could be prevented using 15 lux during the supplemental light period. Additionally, our data suggest that drakes may be more sensitive to environmental light conditions than are hens.
METHODS

Animals and Housing
Adult Pekin hens and drakes (45 wk of age) were obtained from Maple Leaf Farms, Inc., (Leesburg, IN, USA). This age is considered "middle age" and peak performance for breeder ducks. The ducks used in this experiment came from farms with >80% fertility rates. The ducks were then housed in the Hope College aviary with 0.24 m 2 per duck and allowed ad lib access to food and to water via pin-metered water lines. Ducks were housed 5 drakes with 25 hens per pen according to the 1:5 industry standards. Pens were light-proof, environmentally isolated units within the aviary and fluorescent lights were controlled by digital ballasts. All pens were kept on 18 h of light and 6 h of dark for the first 2 wk after ducks arrived. After the initial 2-wk period, each pen began the 3 light treatments: summer, winter, or winter augmented. The experiment lasted for 6 wk and was repeated with rotation of light treatments among the pens until an N = 6 pens per light treatment was achieved.
In commercial settings, the majority of ducks are raised in curtain-sided barns; therefore, they are exposed to natural day lengths. Supplemental light is provided to supply 24 h of light. The Amish farms use kerosene lanterns as supplemental light between sunset and sunrise for the Pekin duck. To simulate the natural day length for summer and winter in this study, we determined the summer and winter day lengths from the National Weather Service during each respective solstice in Berne, IN, USA (the location of duck breeder facilities). The aviary light levels were based upon light measurements taken in commercial barns in southern Indiana using a USB5000UV (Ocean Optics, Dunedin, FL, USA) and analyzed using Figure 1 . Graphic illustrating experimental design of each treatment group. Each treatment was replicated to achieve a final N = 6. Natural sunlight was approximated using fluorescent lights at 65 lux with ∼5,000 kelvin at 25.74 μWatt/cm 2 at the level of the ducks' heads; kerosene lanterns were simulated by using LED lights at ∼1,875 kelvin with 15 lux at 4.57 μWatt/cm 2 ; and 1 lux with ∼1,875 kelvin and 0.295 μWatt/cm 2 at the level of the ducks' heads.
OceanView software (v1.5.2; Ocean Optics, Dunedin, FL, USA). To determine light levels to approximate indirect sunlight, light measures were taken in commercial barns at noon on a partly cloudy day at 10 locations within the barn, in a total of 5 barns. Curtains were lowered to 50% as is typical for the weather conditions at the time. The average light intensity was 65 lux at 25.74 μWatt/cm 2 and approximately 5,000 Kelvin (K). The same number and locations of light readings were made after dark, and the average light intensity under kerosene lanterns was found to be approximately 1 lux at 0.295 μWatt/cm 2 and approximately 1,875 K. The experimental light level of 15 lux (4.57 μWatt/cm 2 ) was matched to the same color spectra emitted by the lanterns (1,875 K). In order to approximate indirect sunlight and kerosene light emissions, these values were matched using electric lights in the aviary as described below.
The summer treatment group was provided 14.5 h of 65 lux and 9.5 h of 1 lux. The winter treatment group was provided 8 h of 65 lux and 16 h of 1 lux. The winter augmented group was provided 8 h of 65 lux and 16 h of 15 lux. The "sunlight" hours of 65 lux were provided by fluorescent lights with a similar visible spectra as natural sunlight (∼5,000 K). The supplemental 1 and 15 lux were provided by light-emitting diode to approximate kerosene lanterns with similar light intensity and color (∼1,875 K). All light measurements were determined at the level of the ducks' heads and across pens within a treatment group; the light spectra, lux, and photonic energy were normalized as described above. Figure 1 summarizes the experimental design. All housing and experimental procedures were approved by Hope College Animal Care and Use Committee.
Hen Gonadal Function
The hens' gonadal function was determined by collecting eggs daily from pens and weighing the eggs weekly. At the end of each study period the hens were weighed and euthanized using a pentobarbital solution (390 mg/kg, intraperitoneally) within 3 h of the onset of the 65 lux period. Brains were collected for qRT-PCR analyses for diencepahlic mRNA (described below) and stored at -80˚C. After decapitation, trunk blood was collected, serum separated and stored for hormone analyses.
Drake Gonadal Function
The drakes' gonadal function was indirectly determined via a weekly perivitteline membrane sperm hole assay (Dupuy et al., 2002) . This technique was utilized instead of placing in an incubator so that we could determine fertility on the day the eggs were laid; using an incubator to determine whether fertility could create confounding data due to early deaths. To determine fertility on the day of lay, all of the eggs were opened and the blastoderm isolated with a ring of #4 filter paper, 1 d during each week of the study. The yolk was washed off of the membrane with saline, and then the perivitteline membrane was fixed in 10% buffered formalin solution then stained in Schiff's reagent for about 10 s and washed in saline. The filter paper ring was mounted onto a glass slide and immediately analyzed under light microscopy for the presence of sperm holes. If there were more than 7 sperm holes in the membrane, that egg was considered fertilized (Bramwell et al., 1995) . At the end of each study period, the drakes were euthanized with pentobarbital (390 mg/kg, intraperitoneally) and necropsied to obtain testes weight. Testes were static-fixed in Bouin's solution for further histological analyses. Phallus volume was also measured as an indicator of gonadal development (Haas et al., 2017) . The volume was measured using the equation for a cone (V = π r 2 h/3). The brains were collected for qRT-PCR analysis for diencephalic neuropeptide expression (described below) and stored at -80
• C. After decapitation, trunk blood was collected, serum separated and stored for hormone analyses.
Hormone Analyses
Estradiol (E 2 ), testosterone (T), free triiodothyronine (T 3 ), and free thyroxine (T 4 ) levels in serum were determined by the Endocrine Technologies Support Core (ETSC) at the Oregon National Primate Research center using a Roche cobas e411 chemiluminescencebased automatic clinical platform (Roche Diagnostics, Indianapolis, IN, USA). The assay ranges were 5-3,000 pg/ml for E 2 ; 0.025-15 ng/ml for T; 0.39-32.55 pg/ml for T 3 ; and 0.1-7.77 ng/dl for T 4 . Companyprovided calibrators and quality controls were run before each hormone measurements in samples. Overall intra-and inter-assay variation for each of these assays in the ETSC is less than 7%. 
Tissue Preparations
The tissue samples were removed from the -80˚C freezer and allowed to thaw enough to cut the brain without fractures. The diencephalic tissue was removed rostrally from the septo-mesencephalic tract. The tissue was cut caudally at the third cranial nerve and dorsally at the Lobus parafactorius. The tissue was then cut ventrally from the base of the brain with both the optic chiasm and tract trimmed off.
The QIAGEN RNeasy Midikit (Hilden, Germany) protocol was followed for RNA extraction from the tissues collected. The tissue, after being prepared, was added to a 5 mL cryogenic vial. Three milliliter of Buffer RLT was added to the tissue. The sample was then homogenized using a tissue homogenizer. Three milliliter 70% ethanol was added and the sample was shaken vigorously. The sample was transferred to an RNeasy midi column that was placed in a 15-mL centrifuge tube, and then centrifuged at 5,000× g for 5 min. Four milliliter Buffer RW1 was added to the column and then the sample was centrifuged again at 5,000× g for 5 min. The flow through was discarded and 2.5 mL Buffer RPE was added to the RNeasy column and centrifuged again at 5,000× g for 2 min. The flow through was discarded and another 2.5 mL Buffer RPE was added to the RNeasy column. This was centrifuged at 5,000× g for 5 min and the flow through was discarded. The column was transferred to a 15-mL collection tube and the RNA was eluted. To elute, 250 μL RNase-free water was added and the solution was centrifuged at 5,000× g for 3 min. The elution step was then repeated and collection tube was then stored in -80˚C.
qRT-PCR Analyses of Diencephalic mRNA
Superscript VILO Invitrogen (Carlsbad, CA, USA) cDNA synthesis kit was used to complete qRT-PCR analysis. Four microliter of 5× VILO reaction mix was added to each PCR tube along with 2 μL of superscript enzyme mix. Each RNA sample (2.5 μL) was added to the same PCR tube and was incubated at 25
• C for 10 min. The tubes were then transferred to a 42
• C heating mantle for 60 min, and lastly placed at 85
• C for 5 min. After this, the samples were stored at -20
• C. The presence of dsDNA was confirmed with DNA spectrometry. The primers that were used were gonadotropin-releasing hormone (GnRH), GnIH, and melanopsin. When completing the PCR analysis, 1 μL of the forward primer and 1 μL of reverse primer were pipetted into each well in a 96-well plate, along with 10 μL of Master Mix, 6 μL of water and 2 μL of diluted cDNA. A set of 10 dilutions was used for comparison to the samples. The plate was transferred to a PCR analyzer, and the results were obtained. Fold changes were determined followed by first averaging the ct values for all samples. The Δct was determined by taking the gene of interest average minus the average of the house-keeping gene, β-actin. We have previously published details of the validation of the use of β-actin in qRT-PCR (Haas et al., 2017; Potter et al., 2018) . The ΔΔct was determined by subtracting the treatment Δct value from the control Δct value; fold change was calculated by taking the ΔΔct value (x) and calculating 2 −x . Table 1 lists the primers used for the qRT-PCR reactions.
Statistical Analyses
All statistical tests were done using SAS software (JMP v9.0.3). All data were analyzed using an ANOVA followed by a Fisher's PLSD post hoc test. A P < 0.05 was considered significant.
RESULTS
Hen Gonadal Function
There was no effect on egg weight among the 3 light treatment groups, although there were differences among the treatment groups on the percent eggs laid (Figure 2 ). After only 1 wk, the winter treatment showed a decrease (P = 0.036) in the percentage of hens that laid eggs compared to the other treatments. This decline continued to a nearly 30% decrease in the percentage of hens that laid eggs by the third week of the study (P = 0.00034), with a slight recovery by the 4th week, though still reduced compared to the other 2 treatments (P = 0.006). The winter augmented and summer treatments had similar percent eggs laid throughout the experiment (Figure 2 ).
Hormone Levels in Hens
Serum T 3 levels were decreased (P = 0.0085) in the winter treatment group compared to the other treatment groups. Serum T 4 levels showed no differences among the other treatment groups ( Figure 3A) . Serum estradiol levels were considerably reduced (P = 0.007) in the winter group compared to the summer and Figure 2 . Hen reproductive function. No differences were observed in egg weight (A) at any time during the experiment. However, by week 1 a reduction in the number of eggs laid (B) was observed that persisted throughout the experiment.
* P < 0.05, * * P < 0.01, * * * P < 0.001.
winter augmented treatments ( Figure 4A ). The winter treatment showed reduced ovarian function as evident by decreased estradiol levels and the percent eggs laid.
Drake Gonadal Function
We utilized the perivitelline membrane sperm hole analysis as an indirect measure of drake fertility. In the winter treatment group, there was a reduction (P = 0.041) in the percent fertilized eggs compared to the other groups after only 1 wk and a further reduction (P = 0.00047) was observed until the end of the experiment ( Figure 5 ). Although there was no difference in body weights ( Figure 6A ) among the 3 treatment groups, the drakes in the winter group did show reduced phallus volume (P = 0.06; Figure 6B ) and relative testes weight (P = 0.007; Figure 7A ) compared to drakes in the other 2 treatment groups. Gonadal regression in the drakes housed under winter treatment was further supported histologically. Histological analyses of the winter treatment drake testes showed no seminiferous tubules development or spermatogenesis. The summer and winter augmented groups showed well-developed seminiferous tubules and spermatogenesis ( Figure 7B ). 
Hormone Levels in Drakes
Serum T 3 levels were decreased (P = 0.046) in winter treatment drakes compared to the winter augmented and summer treatment groups. Again, there were no differences in T 4 levels among the 3 treatment groups. There was a decrease (P = 0.0067) in the winter treatment serum testosterone levels compared to the winter augmented and summer treatment groups. Figures 3B  and 4B illustrate the hormone data for the drakes.
Diencephalic mRNA for Hens and Drakes
Though a reduction in GnRH mRNA was observed in the winter group of hens (P = 0.073) and drakes (P = 0.057), levels only approached relevance compared to the other 2 groups. There were no differences in diencephalic levels of relative GnIH or melanopsin mRNA levels (Figure 8 ).
DISCUSSION
Our study aimed to increase the understanding of the relationship between light intensity and gonadal regression and recrudescence in Pekin ducks. Ducks housed under only 1 lux of supplemental light showed a continual decline in eggs laid until week 3 with a slight increase in week 4-although week 4 still showed considerably reduced eggs laid compared to other groups. We determined that increasing the supplemental light intensity to 15 lux (4.57 μWatt/cm 2 ) increased the total percent eggs laid and estradiol levels in hens compared to hens under 1 lux (0.295 μWatt/cm 2 ) of supplemental light. This increase in light intensity also maintained the percent fertilized eggs, drake phallus volume, relative drake testes weight, and spermatogenesis similar to the summer condition. Ducks housed under 1 lux showed a decrease in each of these measures. The increased light intensity had no effect on the diencaphalic mRNA expression of GnIH or DBPs, although some effects on thyroid hormone levels may have been indicative of DBP function. Our results indicate that the increase in light intensity from 1 lux during supplemental h to 15 lux maintained ideal gonadal function in both hens and drakes. Also, we observed that a greater percentage of drakes were negatively impacted by low light intensity than were hens. Our observations suggest that drakes may be more sensitive to environmental light intensity than hens.
Light intensity is known to affect reproduction in other species. In geese it has been shown that a lower light intensity (40 lux) decreased the laying rate compared to higher light intensities (170, 300, or 430 lux; Chang et al., 2016) . Other studies have found that geese Figure 5 . Assay of perivitelline membrane sperm holes shows reduction in the percentage of eggs fertilized (A) in the Winter treatment compared to the other treatment groups beginning 2 wk after the start of the study and continued until the end of the study. (B) Photomicrograph illustrating the perivitelline membrane in unfertilized eggs (top row) and fertilized eggs (bottom row). Arrows indicate sperm holes. Bar = 25 μM, * P < 0.05, * * P < 0.01, * * * P < 0.001. exposed to 20 lux had an increased egg production than those exposed to 50 lux after peak egg production. However, there was still a large decrease in egg production for all treatments in the winter months (Pyrzak et al., 1984) . These observations suggest that despite 20 lux resulting in higher egg production, 20 and 50 lux were insufficient to maintain gonadal function in the winter months in geese. The differences in these studies suggest that there could have been differences in the spectral or photonic energy of the light, none of which were reported. Although the geese were exposed to higher light intensities than in the current study, it is notable that geese also had decreased laying rates at lower light intensity similar to that observed in our study. Thus, both geese and ducks appear to depend on a minimal amount of light intensity to maintain gonadal function. A report by showed that other than a few days of delay of the onset of lay, chicken hens exposed to 1 lux appeared to have no differences in reproductive performance compared to hens housed under other light intensity (5, 50, or 500 lux). However, they did observe that ovary weight increased with increasing intensity exposure. Hens exposed to 1 lux had the lowest ovary weight among the groups. Hens exposed to 1 lux also had decreased large yellow follicles that correspond to ovarian development ). Hens exposed to 1 lux of light did not have a difference in oviduct weight at 45 wk of age, but they did have a decreased ovary weight compared to other treatments. They concluded that with laying hens of both brown-egg and white-egg strains, 1 lux Figure 8 . Analyses of diencephalic relative mRNA levels. Although no obvious differences were noted in relative GnRH, GnIH, or melanopsin mRNA levels, hens (A) and drakes (B) housed under the Winter conditions showed a slight reduction in GnRH levels compared to the other treatment groups. The lack of profound change in GnRH may be due to the fact that not 100% of the drakes or hens showed gonadal regression in the Winter treatment group. Y-axis values are relative values based upon the ΔΔC q calculation normalized to beta-actin.
reduced ovarian development . A follow-up study showed that in early lay, the 1 lux hens had a lower total number of eggs laid by the flock in a period and later in the lay period; hens under 1 lux showed reduced lay and a lower number of consecutive days laying. The authors inferred that this was because of the fewer numbers of follicles and smaller ovarian size they observed in an earlier study . They inferred that early follicular development may have had long-term effects on egg production.
Birds perceive light differently than mammals. Mammalian photoreceptivity includes retinal image and nonimage forming cells. The non-image forming retinal cells regulate light responses such as circadian entrainment (Panda et al., 2002 (Panda et al., , 2003a , and the pupillary light reflex (Heaton, 1971; Hattar et al., 2002; Lin et al., 2008) . The removal of the retinal cells in birds does not affect the seasonal changes that occur in the HPG axis (Oliver and Bayle, 1982) . However, seasonal changes such as gonadal regression can be triggered through a loss of photoresponsiveness. Similarly, when light is prevented from penetrating the skull, gonads will regress or will not recrudesce Underwood and Menaker, 1970a,b,c) . Therefore, it is thought that in birds, photoresponsiveness is partly controlled by nonretinal neurons that express photosensitive chemicals. These neurons are referred to as DBPs (reviewed in Li and Kuenzel, 2008) . It is conceivable that light intensity below 15 lux has insufficient photonic energy to penetrate the brain in order to activate DBP-induced gonadal function. This belief is supported by our observation of decreased levels of T 3 as well as decreased GnRH levels.
Thyroid hormones, thyroxine (T 4 ), and triiodothryonine (T 3 ) promote weight gain, fattening, and muscle hypertrophy to prepare birds for migration (Pérez et al., 2016) . Long-day photostimulation induces gene expression of Type 2 iodothyronine deiodinase (DIO2) that converts T 4 to T 3 in birds Wilson and Reinert, 1996; Li and Kuenzel, 2008) . In songbirds, DIO2 activity in regard to photoresponsivity is increased specifically in the diencephalon (Mishra et al., 2017) . In quail, under short day conditions, an infusion of additional T 3 into the third ventricle promoted testicular growth in a dose-dependent manner (Yoshimura, 2010) . In our study of Pekin ducks, we observed decreased levels of circulating T 3 in hens and drakes when exposed to the winter treatment (1 lux) compared to both the summer and winter augmented treatments. It has been suggested that activation of DBPs requires an increase in hypothalamic-pituitarythyroid axis activity (Scanes et al., 1980; Scott et al., 1986; Wilson and Reinert, 1996; Wilson, 2001; Li and Kuenzel, 2008; Kosonsiriluk et al., 2013; Kang and Kuenzel, 2015; Kuenzel et al., 2015) , although this has not be confirmed in the duck nor do we know the role of iodothyronine deiodinases in ducks. Further studies are needed to conclude the importance of changing T 3 levels observed in our current study.
Seasonal variations have been observed in GnRH neuronal activity. GnRH mRNA expression is increased during the breeding season and is decreased during gonadal regression (Dawson et al., 2001; MacDougallShackleton et al., 2009) . At the end of the current study, not all the ducks in the winter treatment exhibited gonadal regression, thus we only observed a numerical decrease in GnRH mRNA that only approached significance. Either this illustrates genetic variability in the sensitivity of the DBP-HPG signaling or an insufficient length of experiment that would otherwise have allowed for gonadal regression in all of the ducks. Gonadal regression is due to numerous factors including the decrease in thyroid hormone observed in ducks, but also possibly due to increased hypothalamic GnIH activity.
GnIH is thought to be an inhibitor of gonadotropin release and therefore sexual behavior. In addition, GnIH stimulates feeding in numerous avian species (Ubuka et al., 2008; McConn et al., 2014; Tobari et al., 2014 ) and the duck is no exception (Fraley et al., 2013) . However, numerous studies have revealed little to no GnIH mRNA changes associated with changes in light or gonadal status in the duck (Haas et al., 2017) . It is possible that this current study did not look at time increments sufficient to see changes in DBP or GnIH mRNAs and that photoregression requires the interplay of numerous DBPs as suggested by others . It is also possible that environmental light stimuli are not a primary trigger to activate GnIH neurons and that the primary role of this neuropeptide has yet to be determined.
We observed that hens housed under 1 lux of supplemental light in the winter treatment had decreased percent eggs laid, E 2 , and T 3 levels compared to both the summer and winter augmented treatments. In addition, we found that drakes in the winter treatment had decreased ability to fertilize eggs, decreased serum testosterone levels, phallus volume, testes size, and spermatogenesis. However, it is possible to maintain full gonadal function in ducks raised under kerosene lantern conditions simply by increasing the number of lanterns to provide 15 lux. It is interesting to note that it appears that drakes' reproductive function may be more sensitive to environmental conditions than are hens'.
